Background: The majority of the studies have focused on the effect of general and central fat on coronary risk, neglecting the potential role of peripheral body fat. Objective: To assess the effect of surrogate measures for general, central and peripheral body fat on the occurrence of non-fatal acute myocardial infarction (AMI). Methods: Population-based case-control study; cases were patients aged X40 years consecutively hospitalized with an incident AMI (n ¼ 653), and controls were community participants without previous AMI, selected randomly from the hospitals' catchment area population (n ¼ 1713). Body mass index (BMI), waist circumference (WC), hip circumference and a skinfolds composite index to estimate the proportion of peripheral subcutaneous fat in the arms were ascertained. Associations were summarized with odds ratios (OR) and 95% confidence intervals (95% CI), obtained from unconditional logistic regression with adjustment for the main confounders. Results: WC, and in particular waist-to-hip ratio (WHR), had strong direct associations with AMI risk. Peripheral subcutaneous fat was inversely associated with AMI in women, but directly in men. Using principal component analysis, three uncorrelated factors were identified representing different patterns of fat distribution: (1) generalized fat, with high BMI and high WC; (2) central fat, with high WC and WHR; and (3) peripheral subcutaneous fat. The first factor showed no significant association with AMI, but the second factor increased AMI risk in each sex (upper vs lower fourth: OR 12.2, 95% CI 5.34-27.9 in women; OR 25.0, 95% CI 14.0-44.7 in men). In contrast, the third factor was inversely associated with AMI in women (upper vs lower fourth: OR 0.59, 95% CI 0.36-0.96) and directly associated in men (OR 2.45, 95% CI 1.69-3.55; P-value for sex interactiono0.001). Conclusions: Central fat was associated with increased risk of AMI in women and men, while the peripheral subcutaneous fat index predicted a lower risk of AMI in women and a higher risk in men.
Introduction
Obesity, often assessed by body mass index (BMI), has been related to several metabolic disorders, 1 but its role on cardiovascular risk is still uncertain, because some studies have found a linear association with cardiovascular outcomes while others have reported J-or U-shaped associations or even no significant effects. [2] [3] [4] Moreover, the amount and type of body fat distribution seem to be more important to cardiovascular risk than overall obesity per se, because in several studies waist circumference (WC) and waist-to-hip ratio (WHR) were found to be better predictors of cardiovascular morbidity and mortality than total body weight and BMI. 3, [5] [6] [7] [8] [9] WC has been more extensively used to identify individuals at high-risk, due to its well-documented positive association with cardiovascular disease, [10] [11] [12] [13] [14] but WHR is attracting greater interest, 5, 8 because of the role recently attributed to peripheral fat (fat located in upper and lower limbs) in the modulation of cardiovascular risk.
Only a few studies have addressed the cardiovascular role of peripheral fat mass, [15] [16] [17] [18] [19] which might be less atherogenic than abdominal fat, due to a low fatty acid turn-over, and a differential hormone production. 20, 21 Moreover, because women and men have different patterns of fat distribution, 22 the association of peripheral fat with coronary outcomes might also vary with sex. Using data from a population-based case-control study, we have examined the independent effect of surrogate measures for general, central and peripheral body fat on the occurrence of non-fatal acute myocardial infarction (AMI) in each sex.
Materials and methods

Study design and participants
A population-based case-control study was conducted among Portuguese Caucasian adults in Porto, a large urban center with almost 300 000 inhabitants in the northwest of Portugal.
Cases were patients aged X40 years admitted consecutively, from 1999 through 2003, to the Cardiology Department of the four hospitals providing acute coronary care in Porto, who survived beyond the fourth day after a first AMI. Diagnosis of AMI was carried out with standard procedures. 23 Controls were selected from the non-institutionalized adult population of the hospital's catchment area. For each household identified by random digit dialing, 24 permanent residents were characterized according to age and sex, and one participant was selected by simple random sampling. Refusals were not substituted and the participation rate was approximately 70%. 25 The ethics committees of the four participating hospitals approved the study protocol and every participant gave written informed consent.
During the study period, 1106 patients aged X40 years with an incident AMI were identified. The following cases were excluded from the analyses: 60 who were unable to collaborate; 3 who refuse to participate; 34 who died before data collection; 82 who did not complete the interview; 133 with missing data on anthropometrics and 3 on selected confounders; and 138 with cognitive impairment. Out of 2000 community participants, the following were excluded: 103 (5.2%) because of a previous AMI based on a self-report or/and a 12-lead electrocardiogram; 121 for incomplete information on anthropometrics and 13 on selected confounders; and 50 with cognitive impairment. Therefore, analyses were conducted with 653 cases (163 women and 490 men) and 1713 controls (1065 women and 648 men).
Data collection
Data on cases and controls were collected by the same set of trained interviewers. Cases were interviewed during the hospital stay after clinical stabilization, and controls were invited to visit the Department of Hygiene and Epidemiology of the University of Porto Medical School to be evaluated.
Anthropometrics. Anthropometrics were performed with participants in light clothing and barefoot under standard procedures. 26 Body weight was measured to the nearest 0.1 kg using a digital scale (SECA, Columbia, MO, USA) and height was measured to the nearest cm using a wall stadiometer (SECA, Hamburg, Germany ); 27 also they were classified into fourths of the BMI distribution in controls. WC was measured midway between the lower limit of the rib cage and the iliac crest, and hip circumference on the maximum circumference over the femoral trochanters; both were measured to the nearest cm with a flexible and nondistensible tape. Abdominal obesity was defined as WC 488 cm in women and 4102 cm in men, and as WHR 40.85 in women and 40.90 in men. 27 The thickness of triceps, biceps, subscapular and suprailiac skinfolds (SKF) was measured with a Harpenden calliper (John Bull, British Indicators, Ltd, Burgess Hill, UK) at the non-dominant side of the body. SKF were grasped with the thumb and index finger approximately 1 cm proximal to the SKF site, which was measured to the nearest 0.5 mm. Three measurements were taken for each SKF, obtaining the average value. A SKF composite index was calculated to estimate the proportion of subcutaneous fat of the arms ( P triceps and biceps SKF/ P triceps, biceps, subscapular and suprailiac SKF). Participants were classified into fourths of the distribution of the SKF composite index in controls.
Confounders. Data on potential confounders such as social, behavioral and clinical characteristics were collected with a standard structured questionnaire. Education was recorded as completed years of schooling. Participants were also classified as current smokers (daily and occasional smokers) and non-smokers (never and former smokers quitting at least 6 months ago). Alcohol consumption was assessed with a validated semi-quantitative food frequency questionnaire, 28 concerning the previous 12 months. The association between the anthropometric variables and the risk of AMI were summarized with odds ratios (OR) and their 95% confidence intervals (95% CI), obtained from unconditional logistic regression. ORs were adjusted for age, education and alcohol consumption, modelled as continuous variables, and for current smoking, regular physical activity, and menopause and hormone replacement therapy in women, modelled as categorical variables with dummy terms. The dose-response relationship between the anthropometric variables and AMI was assessed with tests for linear trend, by modelling the anthropometric measures as continuous variables.
Analyses were conducted separately in each sex. We tested for sex interactions in analyses of the whole study sample using interaction terms, constructed as the product of sex by anthropometric variables. Statistical significance was set at P-value o0.05. Analyses were performed using Stata, version 9 (StataCorp. College Station, TX, USA). Table 1 shows the characteristics of AMI cases and controls, by sex. In women, cases were slightly older than controls, while the opposite was found in men. As compared with controls, cases had lower education, were less physically active, and reported more frequently a family history of AMI. Male cases had also a higher alcohol intake and reported a higher prevalence of smoking than controls. Tables 2 and 3 show the association between the main anthropometric variables and AMI in women and men, respectively. In multivariate analysis, BMI showed no clear association with AMI, either when classified in WHO (World Health Organization) categories or in fourths, in women or men. WC was associated with an increased risk of AMI, while hip circumference showed an inverse association. As a result, WHR had a strong and graded relationship with the risk of AMI. Finally, the SKF composite index, reflecting a high proportion of peripheral subcutaneous fat, was found to be inversely associated with AMI in women (upper vs lower fourth: OR 0.44, 95% CI 0.26-0.74) and directly associated with AMI in men (OR 1.97, 95% CI 1.37-2.84; P-value for the sex interactiono0.001).
Results
As within the general population, significant moderate-tostrong Spearman correlation coefficients (rho) were found between BMI and WC (rho ¼ 0.79), BMI and WHR (rho ¼ 0.37), BMI and hip circumference (rho ¼ 0.82), WC and WHR (rho ¼ 0.75), and WHR and SKF composite index (rho ¼ À0.40), the results of Tables 2 and 3 did not present  mutual adjustments. Using principal component analysis, we identified three uncorrelated factors, which explained 97.3% of the total variance of anthropometry (Table 4 ). These three factors represented different patterns of fat distribution: (1) generalized fat, particularly high BMI and high WC; (2) central fat, mainly high WC and high WHR; and (3) peripheral subcutaneous fat. After adjustment for the main confounders, the first factor showed no significant association with AMI, but the second factor increased AMI risk in each sex (upper vs lower fourth: OR 12.2, 95% CI 5.34-27.9 in women; OR 25.0, 95% CI 14.0-44.7 in men) ( Table 5 ). In contrast, the third factor was inversely associated with AMI in women (upper vs lower fourth: OR 0.59, 95% CI 0.36-0.96) and directly associated in men (OR 2.45, 95% CI 1.69-3.55; P-value for sex interactiono0.001). Body fat and myocardial infarction A Oliveira et al
Discussion
In our study, WC and WHR were strongly associated with AMI risk, while hip circumference showed an inverse association, in men and women alike. A high proportion of subcutaneous fat in the arms, as measured by SKF thickness, predicted a lower risk of AMI in women and a higher risk in men.
A previous investigation with a smaller sample size in this same population has reported that upper-body adiposity was associated with a higher risk of AMI, and that this association was stronger than that observed for BMI. 31 A higher BMI may Body fat and myocardial infarction A Oliveira et al reflect increased fatness, but also higher musculoskeletal mass; moreover BMI is not a good measure of visceral fat, the key determinant of metabolic abnormalities. Thus, the association between BMI and AMI might be expected to be weak or even null after adjustment for cardiovascular risk factors.
WC, and in particular WHR, showed a strong doseresponse relationship with AMI after adjustment for the main cardiovascular risk factors. Similarly, in the INTER-HEART study, 8 a case-control study with 29 972 AMI patients across 52 countries, WHR held a stronger association with AMI than BMI or WC, regardless of sex, age, region of Body fat and myocardial infarction A Oliveira et al residence and ethnicity. In a large cohort of Swedish women, after mutual adjustment, WHR was also more closely related to coronary heart disease than BMI; 6 
moreover, in the Dallas
Heart Disease study WHR was associated with prevalent atherosclerosis and provided better discrimination than either BMI or WC. 7 A recent meta-analysis of longitudinal studies, covering 258 114 participants with 4355 cardiovascular events, also found that WHR was more strongly Odds ratio adjusted for age, education, total energy intake, current smoking, leisure-time physical activity, family history of infarction, and menopause and hormone replacement therapy (in women).
Body fat and myocardial infarction
A Oliveira et al associated with cardiovascular disease than WC, although this difference was not statistically significant. 5 The strength of association for WHR and WC was similar in men and women.
Our results suggest that the association of WHR with AMI could reflect the separate and opposing metabolic effects of central and peripheral adiposity, as assessed by waist and hip circumferences, respectively. Thus, the adverse effects of a high WHR could be due to not only a larger waist, but also to narrower hip or thigh circumferences. 17, [32] [33] [34] Therefore, a large WC could have a different effect on cardiovascular risk according to the accumulation of fat in peripheral depots. A recent review 35 has highlighted the need for capturing the separate effects of abdominal and peripheral adiposity, and suggests that WHR is a simple and inexpensive measure to improve the assessment of coronary heart disease risk. Data on the specific role of peripheral fat mass on coronary risk are scarce. A few studies have suggested that fat accumulated in peripheral depots, such as arms and legs, has less adverse effects on cardiovascular risk than other types of fat store. [15] [16] [17] [18] [19] Peripheral adipose tissue seems to have a high lipoprotein lipase activity and a low fatty acid turnover, 20 and to secrete higher quantities of adiponectin with antiatherogenic properties. 21 There is also evidence that adipocytes have distinct intrinsic characteristics (for example, fatty acid-binding proteins and enzymes of fat metabolism), which further contribute to the heterogeneity in free fatty acids handling by the different fat depots. 36 The separate contribution of upper and lower limbs to cardiovascular risk is also currently under discussion. Some studies have found that lower limbs fat seems to be inversely related to cardiovascular risk factors. 15, 17, 18, 37 However, the issue of whether the protective role of a larger hip or thigh circumference is due to a higher fat and/or a higher lean mass in the gluteal/femoral region 19 remains to be fully understood. On the basis of the conflicting results concerning the selective role of appendicular body fat on cardiovascular risk factors, further investigation is needed before a plausible biological explanation can be definitively put forward. In our study, peripheral subcutaneous fat, as measured by an arm SKF composite index, yielded opposing associations with AMI in women and men. As men and women have different ranges of variation in levels of body fat, a sex effect in the relation between fat and AMI could be expected; men have a larger proportion of fat within the visceral area, while women have higher levels and higher variability of total and subcutaneous peripheral fat. 22, 38, 39 Sex hormones could also contribute to some of the differences found, although analyses were adjusted for hormone replacement therapy.
In an initial analysis, we observed that men in the upper fourth of the SKF composite index had also lower hip circumferences, which led us to hypothesize that the lack of a protective effect of peripheral subcutaneous fat in men could partly be due to the lower amount of fat around the hip when compared with women. However, after further adjustment for hip circumference, the SKF composite index maintained a significant direct independent association with AMI (only a small attenuation of risk estimates was observed).
Comparing our results with the literature, we found that studies conducted in women systematically concluded that peripheral body fat was inversely related to cardiovascular risk, [15] [16] [17] [18] but some studies in men have shown that peripheral fat was inversely related to insulin sensitivity 40 and directly related to lipoprotein concentrations, blood pressure and insulin levels. 41 In the latter study, conducted among middle-aged Portuguese men, the researchers concluded that appendicular accumulation of fat, mainly in the arms, had a detrimental effect as also exerted by subcutaneous abdominal obesity, but not as marked. Future research addressing the metabolic effect of different depots of peripheral fat (lower vs upper limbs), and of the same peripheral fat depot separately in men and women, are warranted to clarify the mechanisms by which adipocytes influence cardiovascular risk.
Methodological aspects. In a previous comparison between community controls (participation rate: 70%) and those who refused to participate in this study, non-participation had little or no effect on crude and adjusted risk estimates for AMI, which suggests a low likelihood of non-response bias. 25 Moreover, the recruitment of AMI cases was carried out consecutively in all hospitals providing acute coronary care in Porto. As all individuals with AMI that reach any healthcare center are referred to public hospitals, cases in our study represent all cases with non-fatal AMI in Porto.
Our study included only incident cases of AMI; it contributed to exclude the effect on the study associations of behavioral modifications occurring after the acute event, which would probably influence anthropometrics in the long term. It is nevertheless possible that AMI cases tend to lose weight immediately after hospitalization. To minimize the influence of weight loss on risk estimates, cases were interviewed as soon as possible, usually between the fourth and eighth day after hospitalization. It also allowed for registering lifestyles corresponding only to the time period preceding the AMI event.
In this study, surrogates of adiposity based on body circumferences and SKF thickness were used due to logistical limitations; however, the correlation between indirect and direct measures of body fat is reasonably high. 38, 42 Moreover, anthropometrics represents simple, inexpensive and useful methods to be applied in large epidemiological studies. 26 In this study, we did not obtain an estimate of total peripheral subcutaneous fat, namely, the sum of upper arm and leg SKF, but it has been suggested that the role of appendicular fat should be independently analyzed, because of a purportedspecific role of arms and legs fat on cardiovascular risk. 41 In addition, anthropometrics were performed by the same set of Body fat and myocardial infarction A Oliveira et al trained interviewers, according to standardized procedures, which tends to reduce measurement variability.
In conclusion, this study shows that a central pattern of fat distribution is associated with a higher risk of AMI in both men and women. In contrast, peripheral fat, obtained by a SKF composite index, predicts lower risk of AMI in women and higher risk in men. Further research should confirm this sex difference in the effect of peripheral fat on coronary risk.
